ABSTRACT Klopmeyer, M. J., and Ries, S. M. 1987. Motility and chemotaxis of Erwinia herbicola and its effect on Erwinia amylovora. Phytopathology 77:909-914.
aseptically to fresh 25 ml of MEM or MMS broth. Cultures were in a 1:1 ratio with the E. amylovora suspension. This 1:1 dilution grown to mid-log phase (approximately 12 hr) and a 4-ml aliquot ratio yielded suspensions of A 59 0nm = 0.045 (4 X 107 cfu/ ml) for E. was removed and centrifuged in an SS-34 rotor (Sorvall) at 4,000 amylovora and 0.01 (2 X 107 cfu/ml), 0.05 (1 X lO0cfu/ml), 0.1 (2X rpm for 5 min. The growth medium was removed, and to avoid 108 cfu/ml), and 0.15 (3X< 108 cfu/ml)forE. herbicola, respectively. flagellar breakage, the pellet was very gently resuspended in These suspensions were placed in the pond for the capillary assay. motility or chemotaxis medium. This washing procedure was
Other E. herbicola cell suspensions were prepared at the repeated twice and the final suspension diluted to 2 X 108 cfu/ml absorbances listed above (0.01, 0.05, 0.1, and 0.15) in either (motility assay) or 5 X 107 cfu/ml (chemotaxis assay).
chemotaxis medium or chemotaxis medium plus 10-2 M malate, Motility medium for E. herbicola consisted of 10-2 M K 2 HPO 4 -the latter a strong attractant of E. amylovora (25). These KH 2 PO 4 buffer and 10-3 M ethylenediamine tetraacetic acid suspensions were then drawn into the 1-gl capillary tubes for the (EDTA). Chemotaxis medium was the motility medium plus 10-2 capillary assay. M mannitol. Chemotaxis medium for E. amylovora was similar to Motility and chemotaxis assays for E. amylovora were that described previously (25) except that 10-3 M mannitol was incubated for 30 min (25), after which the capillaries were removed, used instead of 10-2 M mannitol and 10-2 M MgC1 2 was added.
the exteriors washed, and the contents spread over the surface of Motility and chemotaxis media were adjusted to pH 7.0 with 0.1 N modified Emerson's medium plates containing 500 Ag/ml of HC1 or 0.1 N KOH and filter-sterilized.
rifampin (Sigma) . The number of colony-forming units per Factors affecting motility of E. herbicola. Motile isolates of E.
capillary of E. amylovora was counted after 36 hr. herbicola were selected from the periphery of soft agar (0.25%) Culture fluid. Culture fluid (CF) of E. herbicola cells was MEM plates minus the ingredient nutrient broth. The effects of prepared by suspending approximately I X 1010 cells per milliliter growth temperature, assay temperature, pH, and EDTA (chelating in E. amylovora chemotaxis medium alone or chemotaxis medium agent) concentration on motility were studied. plus 10-2 M malate for I hr. The cells were removed by The effect of growth temperature in MEM broth on the motility centrifugation and the supernatant filter-sterilized and called E. of E. herbicola was determined by varying the temperatures of the herbicola CF. shaker baths from 18 to 33 C. Shaker baths were placed in a cold E. amylovora cells were prepared for capillary assay as described room (4 C) when temperatures less than ambient (18 and 21 C) previously, suspended in E. herbicola CF to an A 5 90nm = 0.045, and were required. Cells were harvested at mid-log phase of growth at placed into the pond. The capillaries contained either CF for the the appropriate temperature, washed and resuspended in motility motility assay or CF plus 10-2 M malate for the chemotaxis assay. medium, and checked for motility by the capillary assay.
Controls consisted of E. amylovora cells suspended in regular Assay temperatures, ranging from 18 to 37 C, were screened for chemotaxis medium and the capillaries containing chemotaxis optimum motility of E. herbicola. Slide warmers were used for medium alone or chemotaxis medium plus 10-2 M malate. Assays temperatures greater than ambient (25, 29, 33 , and 37 C) and slide ran for 30 min, and the capillary contents were plated to determine warmers placed in the cold room (4 C) were used for temperatures the number of cells of E. amylovora (cfu) that swam into the less than ambient (18 and 31 C). The effect of pH on motility was capillary tube. determined by adjusting the pH of the motility medium with HC1 Utilization of selected organic acids. The organic acids that were or NaOH from pH 5 to 9 at 1-unit intervals. Concentrations of assayed to determine whether or not E. herbicola 112Y or E. EDTA (10-' to 10-4 M) also were adjusted in the motility medium amylovora 110 could use them as energy sources (10) included to check for any effects on motility.
fumarate, galacturonate, malate, malonate, succinate, and Factors affecting chemotaxis ofE. herbicola. The effect of assay tartrate, all as sodium salts. temperature and length of assay time on chemotaxis was Data analysis. Means were compared using the Waller-Duncan determined by the capillary assay. Cells were prepared and (Bayesian least significant diffference-BLSD) multiple suspended to a concentration of 4 X 10' cfu/ml under optimum comparison test (K = 100). The number of E. amylovora cells conditions required for good motility as described above. The accumulated in a capillary tube was regressed on the concentration Jonathan apple nectar extract (10-' dilution) used as the attractant of E. herbicola cells in the pond and the capillary. Significance of in the capillary for these experiments was obtained by the the model and of polynomial terms was tested by F-values. procedure of Bayot and Ries (6).
Chemotaxis of E. herbicola toward various compounds. Chemotaxis of E. herbicola to various compounds (amino acids, RESULTS organic acids, sugars, and Jonathan apple nectar extract fractions) was determined by capillary assay. All sugars tested were D-form, Factors affecting motility. Effect of growth temperature. whereas the amino acids were L-form. Arbutin, phloridzin, and the Actively motile cells of E. herbicola were detected at growth amino acids were obtained from Sigma Chemical Company (St.
temperatures of 29 and 31 C ( Fig. 1) using the capillary assay. Louis, MO). The sugars and organic acids were of reagent grade Growth at temperatures ranging from 18 to 27 C and at 33 C from various commercial sources. Jonathan apple nectar extract yielded fewer motile cells than growth at 29-31 C. A growth was fractionated by ion exchange chromatography according to temperature of 29 C was used in subsequent experiments because it the procedure of Bayot (5). All compounds were dissolved in produced the most motile cells. chemotaxis medium to a concentration of 10-2 M, unless otherwise Effect of assay temperature. The motility of cells increased indicated, adjusted to pH 7.0 with 0.1 N KOH or 0.1 N HC1, and linearly as the temperature of incubation in the capillary assay then filter-sterilized. The attractiveness of these compounds was increased (Fig. 2) . Significantly more cells accumulated per compared using relative response values (ratio of colony-forming capillary at 37 C than at any other assay temperature tested units per capillary containing the compound tested to that of a including 29 C, the optimum growth temperature tested for capillary containing chemotaxis medium only).
motility. Effect of E. herbicola on motility and chemotaxis of E.
Effect of pH and EDTA. Cells of E. herbicola suspended in amylovora. The effect of varying cell concentrations and culture motility medium at pH 7 were more motile than those at pH 6 or 8 fluids of E. herbicola 112Y on the motility and chemotaxis of E.
( Fig. 3) . Motility was greatly reduced in cells suspended in motility amylovora 110 was investigated by using the capillary assay. medium of pH 5 or 9. The presence of EDTA, a chelating agent, in Cell concentration. Four different concentrations of E.
the motility medium slightly enhanced the motility of cells herbicola cells were suspended in E. amylovora chemotaxis suspended in all concentrations tested (Fig. 3) . Therefore, a 10-3 M medium at A590nm = 0.02, 0.1, 0.2, and 0.28. A suspension of E.
concentration was used in all experiments to simulate conditions amylovora in chemotaxis medium was also adjusted to A 59 0nm = previously reported optimal for E. amylovora (26). 0.09. To determine whether or not different concentrations of E.
Factors affecting chemotaxis. Effect of assay temperature. The herbicola cells had an effect on either motility or chemotaxis of E.
optimum assay temperature for chemotaxis of E. herbicola toward amylovora, the different E. herbicola suspensions were combined Jonathan nectar extract (10-1 dilution) was 29 C (Fig. 2) . The number of cells per capillary increased as the temperature increased as a function of assay time. The number of cells per increased from 18 to 29 C and decreased markedly at 33 C. capillary increased sharply from 250 cells per capillary at 0 min to Effect of assay time. Chemotaxis toward nectar extract as 39,800 cells per capillary at 60 min. 
EDTA (M)
'Bayesian least significant difference test (K = 100). Data were log- Fig. 3 . Effect of ethylenediamine tetraacetic acid (EDTA) and pH on transformed before analysis and calculation of BLSD. values ranged from 12.5 to 256.7. Asparagine was significantly herbicola Tr 2 -3 was chemotactic toward all compounds tested better as an attractant than all other compounds tested, but (Table 5 ). The neutral and basic fraction of Jonathan apple nectar histidine, serine, and tryptophan also had high relative response extract showed the highest relative response, 107.7. Asparagine, values. All other amino acids tested were fair attractants with the glucose, malate, serine, and Jonathan nectar extract were all very exception of glutamine, isoleucine, and valine, which were weak strong attractants of Tr 2 -3. attractants. Weak attractants were arbitrarily defined as having
Effect of E. herbicola on motility and chemotaxis of E. relative response values less than 15. amylovora. Cell concentrations. As the cell concentration of E. Chemotaxis to sugars. E. herbicola exhibited positive taxis to all herbicola increased in the capillary and pond from A 590 nm = 0.01 to sugars tested (Table 3) . The six-carbon sugars, glucose and A 59 0nm = 0.15, the motility and chemotaxis of E. amylovora fructose, were significantly better attractants than the other sugars, decreased (Fig. 4) . Regression analysis indicated a linear effect with having relative response values of 59.2 and 43.1, respectively, the number of E. amylovora cells accumulating per capillary Strong attractants were arbitrarily defined as having relative decreasing as the concentration of E. herbicola increased. This response values greater than 40. Therefore, sucrose was considered effect occurred in Trial A for both motility (random swimming) a weak attractant since its relative response was 11. and chemotaxis toward malate for E. amylovora. Regression Chemotaxis to organic acids. E. herbicola exhibited strong taxis analysis of Trial B showed a quadratic relation between the toward only malate and tartrate (Table 4 ). The relative response number of bacteria per capillary and the concentration of E. values for malate and tartrate were 89.1 and 63.5, respectively.
herbicola. Relative response values of the other organic acids tested were less Culture fluids enhanced the motility of E. amylovora when E. than 15, indicating that most were very weak or nonattractants.
amylovora cells were resuspended in CF (Fig. 5) . However, Chemotaxis to other compounds. Arbutin, the principal chemotaxis of . amylovora toward malate (10-2 M) was reduced glucoside of pear trees (9), and phloridzin (8), the principal glucoside of apple trees, were assayed as possible attractants of E. present in both the capillary and pond at 10-2 M, taxis of E. herbicola toward asparagine was inhibited by 46%, taxis toward WcApl organic acids are at 10-2 M concentration in chemotaxis medium except for phloridzin (10-' M). glucose was by 30%, and toward Jonathan nectar extract by 52%.
Each value is the mean of two trials with four replicates per trial, and the Comparison of chemotaxis between two strains of E. herbicola.
number of colony-forming units per capillary was determined by direct A second strain of E. herbicola (Tr2-3) was used to compare its pour-plate counts. response to various attractants with those of strain 112Y. E.
Ratio of colony-forming units per capillary to that of control (644 cfu per capillary). Bayesian least significant difference test (K = 100). Data were log- of Erwinia amylovora 110 to malate. Two assays (A and B) were run for 30 extract and all fractions of this extract. Chemotaxis toward nectar min at 23 C. Concentrations of E. herbicola 112Y were 2 X 10' cfu/ml extract also occurred with E. amylovora (25). However, the (0.01); 1 X 108 cfu/ml (0.05); 2 X 108 cfu/ml (0.1); 3 X 108 cfu/ml (0.15). pathogen was attracted only to the organic acid fraction of this Chemotaxis and motility assays performed using 4 X 10' cfu/ml of E. extract and probably only to fumarate or malate (5). The amylovora 10 using malate (10-2 M) as the attractant. Two assays (A and nonspecific attraction of E. herbicola to all components of the B) were run for 30 min at 23 C. nectar extract may give E. herbicola an advantage over other microorganisms including E. amylovora in locating suitable niches for colonization of the blossom.
Temperature requirements for chemotaxis of E. herbicola and E. amylovora are similar, indicating that temperature may not be amylovora were resuspended to a concentration of 4 X 107 cfu/ml in containing these sugars and suggested that E. herbicola produces chemotaxis medium alone (solid bar) or in CF (hatched bar). Assays (Trial large amounts of acidic by-products on this high sugar medium, A and B) were run for 30 min at 23 C. Bayesian least significant difference:
which reduces the pH and inhibits growth of E. amylovora. Trial A = 0.0815 logio colony-forming units per capillary; Trial B = 0.0678
Because E. herbicola is attracted to these sugars it is conceivable logio colony-forming units per capillary (K = 100).
that the saprophyte might metabolize these sugars, lower the pH in Vol. 77, No. 6,1987
